Background: Identifying factors that affect variation in health care spending among older adults with disability may reveal opportunities to better address their care needs while offsetting excess spending.
N
early 15 million older Americans with disability live in the community. For these persons, the availability and adequacy of support with daily activities has a profound effect on participation in valued activities, quality of life, and health (1) (2) (3) . Older adults with disability are heavy users of services and incur high health care spending (4) . Although adequacy of support with daily activities may affect health services use and spending, evidence is sparse. Prior studies relied on outdated information involving a more institutionally oriented service delivery environment and were limited to examination of acute hospital and emergency department use (5-7). To date, no studies have examined health care spending.
A better understanding of the association between adequacy of support with daily activities and health care spending is particularly important at this juncture. There is growing recognition that the dominant health care payment paradigm prioritizes delivery of medical care rather than nonmedical factors that affect root causes of health and well-being and support function and the ability to safely perform daily activities, such as housing, supportive services, or personal care (8, 9) . However, recent payment and delivery reform efforts have sought to integrate medical and nonmedical services to achieve better health and higher-value care (10, 11) . Because potentially preventable health care spending is highly concentrated in a small subpopulation of frail older adults (12) , this population is a high priority for payment and delivery reform (13, 14) . Identifying factors that contribute to variation in health care spending may reveal opportunities to offset costs while better addressing the care needs of older adults.
This study drew on a national survey of older adults and linked Medicare claims to quantify differences in health care spending associated with adequate support for daily activities among community-living older adults with disability. We examined the consistency and magnitude of associations separately for adults with limitations in household activities, mobility, and selfcare as well as by spending quartile. By examining variability in Medicare spending for each activity domain across the spending distribution, we provide evidence for how health care spending is affected by factors in the broader social environment beyond demographic characteristics, diseases, and function, and we identify subgroups for which targeting of outreach efforts is most likely to be cost-saving. In doing so, our study contributes insight into the potential magnitude of cost savings that could be derived from efforts that address both health and function to better meet older adults' care needs.
sures were from NHATS. We began with an analytic sample of 3716 community-living older adults enrolled in fee-for-service Medicare who survived for 12 months after being interviewed. Analyses of interest focused on a subset of 1877 study participants with 1 or more activity limitations.
Measures
NHATS asks older adults to report how they perform daily activities, using a recall period of 1 month. Questions are asked about household activities (laundry, shopping, meals, bill paying, and banking), mobility (indoor and outdoor mobility and transferring from bed), and self-care (eating, dressing, bathing, and toileting). For each activity, adults are asked whether they receive help and the level of difficulty if they perform the activity themselves. Receipt of help for self-care and mobility is assumed to be related to health or functioning, whereas for household activities, participants are asked whether help is for health or functional reasons. We constructed binary measures indicating limitations for each activity (for example, eating) and domain (for example, self-care). For each activity, participants receiving help or reporting difficulty were asked whether they experienced a specific negative consequence due to no one being available to provide help (if help was reported as being received) or the activity being too Table 1) . Our primary outcome was the total amount paid by Medicare for all Part A and B reimbursed services in the 12 months after the 2015 NHATS community interview. From NHATS, we ascertained the following sociodemographic factors: age, sex, race, educational attainment, and TRICARE or Medigap supplemental insurance coverage. Medicaid status was defined as having any number of months of Medicaid enrollment in the Part D Medicare Master Beneficiary Summary File. We ascertained the following measures of health from NHATS: self-rated health, number of chronic medical conditions, and a composite measure of dementia (15) . We also included a measure of receipt of help for each activity domain, with differentiation among no help, help from family members or unpaid caregivers (regardless of paid help), or paid help only.
Statistical Analysis
We first assessed the prevalence of negative consequences for each daily activity and by domain. We then examined characteristics of older adults by disability status and, for those with disability, by whether they experienced negative consequences with daily activities. Between-group differences by disability status and negative consequences were compared for each activity domain using the Rao-Scott modified 2 test for categorical variables and the adjusted Wald test for continuous measures. We then examined median annual Medicare spending for each subgroup of interest. In supplemental analyses, we examined the percentage of participants in each group with nonzero spending by service type and median spending among users of services (Appendix Table 1 , available at Annals.org). Next, we constructed quantile regression models to estimate the relationship between negative consequences and Medicare spending at the 25th, 50th, and 75th percentiles of the spending distribution. Regressions were * Data are weighted and reflect community-living Medicare beneficiaries aged ≥65 y who were enrolled in traditional Medicare and survived for 12 mo after the NHATS (National Health and Aging Trends Study) interview (n = 3716). † Laundry, shopping, meals, and bill paying/banking. ‡ Indoor and outdoor mobility and transferring from bed. § Eating, dressing, bathing, and toileting. ͉͉ P values were <0.001 for all contrasts between older adults without and with disability (with and without negative consequences) for household activities (n = 2278 vs. 1438), mobility (n = 2501 vs. 1215), and self-care (n = 2735 vs. 981). ¶ Differences for older adults with disability who did and did not report negative consequences due to insufficient help for household activities (n = 1195 vs. 243), mobility (n = 894 vs. 321), and self-care (n = 775 vs. 206). ** Observations with responses of "don't know," "refused," or "not ascertained" were categorized as "white" (n = 84), "high school" (n = 76), and "poor" health (n = 1). † † Self-or proxy response to physician diagnosis for hypertension, heart attack, diabetes, osteoporosis, heart disease, depression, cancer, emphysema, asthma, chronic obstructive pulmonary disease, arthritis, stroke, vision impairment (includes "cannot read newspaper" while wearing glasses or contact lenses), hearing impairment (includes "cannot use telephone for hearing" or deaf with hearing aid), or hip fracture. ‡ ‡ Numbers not reportable due to small sample (n < 11).
Medicare Spending and Adequacy of Support of Adults With Disability ORIGINAL RESEARCH performed separately for each activity domain, and we adjusted for group differences in demographic factors, health, and experience of negative consequences. We assessed the effects of exclusion criteria by conducting separate sensitivity analyses with participants who did not survive the observation period or lived in a residential care facility but otherwise met eligibility criteria. Descriptive analyses were conducted in SAS, version 9.4 (SAS Institute), and Stata 12 (StataCorp) using survey sampling weights, design variables, and procedures (proc surveyfreq and svy:mean) that accounted for the complex sampling strategy. Multivariate quantile regression analyses were conducted using the qreg2 command in Stata 12, with adjustment for variables related to NHATS sample criteria and with clustering of SEs at the level of the primary sampling unit to account for survey design features.
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RESULTS
The prevalence of experiencing negative consequences due to no one being available to help or the activity being too difficult to perform alone ranged from 18.3% for household activities to 20.0% for selfcare and 25.6% for mobility ( Table 1) . The most common negative consequences were wetting or soiling oneself when toileting (39.3%), having to stay inside (27.9%), not being able to go places inside the home (24.3%), and making mistakes in taking prescribed medications (22.0%).
Community-living older adults with disability were older and in worse health than those without disability (P < 0.001 for all contrasts in all domains) ( Table 2) . Among those with mobility and self-care disability, those who experienced negative consequences due to inadequate support were more likely to be female, to be enrolled in Medicaid, to report worse self-rated health, and to have dementia and more chronic conditions than those who did not experience negative consequences. Those who experienced negative consequences with household activities were younger, were better educated, and reported worse self-rated health than those who did not experience negative consequences. Otherwise few differences were observed. For all 3 activity domains, fewer than 5% of adults with disability relied exclusively on paid help, and of those experiencing negative consequences, most were receiving help from family members and other unpaid caregivers.
Median annual Medicare spending was higher for older adults with disability than for those without it, although the magnitude of the difference varied by activity domain (Figure) . For all 3 domains, median spending was $2000 to $2100 for adults without disability. 
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Data are for community-living Medicare beneficiaries aged ≥65 y who survived for 12 mo after the NHATS (National Health and Aging Trends Study) interview and were continuously enrolled in traditional Medicare (n = 3716). * Laundry, shopping, meals, and bill paying/banking. † Indoor and outdoor mobility and transferring from bed. ‡ Eating, dressing, bathing, and toileting.
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Among those with disability, median spending was higher for those who reported negative consequences due to inadequate support in household activities ($4866 vs. $4095), mobility ($7266 vs. $4115), and selfcare ($10 935 vs. $4436) than for those who did not experience negative consequences. The association between experiencing negative consequences and Medicare spending varied by activity domain and spending quartile in regression models that adjusted for demographic factors and health status ( Table 3; Appendix Tables 1 to 6 , available at Annals .org). Among older adults with disability in household activities, spending did not vary appreciably by whether they experienced negative consequences. Among those with mobility disability, experiencing negative consequences was associated with additional spending of $2309 (95% CI, $208 to $4409) at the 50th percentile of the distribution, but differences were not statistically significant in the bottom or top quartiles of spending. Among those with self-care disability, experiencing negative consequences was associated with additional spending of $1460 (CI, $358 to $2561) in the bottom quartile and $3187 (CI, $432 to $5942) at the 50th percentile. Differences in the top quartile were larger but were not statistically significant ($4797 [CI, Ϫ$1485 to $11 079]).
DISCUSSION
We found that community-living older adults with disability incur Medicare spending that is more than twice as high as among those without disability but that notable variability exists by activity domain and adequacy of support with daily activities. More than 1 in 5 older adults with mobility or self-care disability reported negative consequences due to no one being available to help or the activity being too difficult to perform alone. Median per-person Medicare spending among these adults was notably higher than for those who did not experience negative consequences ($2300 for those with mobility disability and $3200 for those with self-care disability). Taken together, our results confirm the foundational importance of adequate support with basic activities of daily living and contributes new information about how health care spending is affected by factors in the social environment beyond demographic characteristics, diseases, and function.
Our study quantifies health services spending that could be offset by better meeting the care needs of older adults with disabilities and identifies subgroups for whom targeting of outreach efforts and expanded support is most likely to be cost-saving. That associations between higher Medicare spending and adequacy of support were strongest in the middle and lower ends of the distribution suggests that the potential for modifying health care spending through longterm services and support may be more limited among those who incur the highest costs. This is consistent with prior evidence that acute health events and institutional services drive spending for high-need, highcost populations (16 -18) .
The magnitude of additional spending on health services that was found to be associated with inadequate support for mobility and self-care in the middle and lower ends of the spending distribution is not trivial. At the individual level, the additional Medicare spending on medical costs would be sufficient to absorb most if not all of the costs of delivering several evidence-based interventions that target function of older adults with disability and their families in the home (19 -24) . Under the assumption that the estimated number of older adults who reported negative consequences with mobility or self-care incurred additional spending at the median of the distribution, the incremental costs to Medicare would have exceeded $4 billion in 2015.
Prior studies have found that frail older adults represent a small segment of Medicare beneficiaries but account for a disproportionate proportion of program spending (12, 14) , although to our knowledge this is the first study to assess the relevance of support with daily activities for Medicare spending. Results from our study are both timely and actionable. Potentially avoidable service use and excess health care spending are areas of long-standing concern (25, 26) . Policy solutions have traditionally been directed at rationalizing payment across populations, geography, settings, and time (27-29). Our study contributes to an emerging NHATS = National Health and Aging Trends Study. * Data reflect community-living Medicare beneficiaries aged ≥65 y who were enrolled in traditional Medicare and survived for 12 mo after the NHATS interview (n = 3716). Estimates are the adjusted group difference in Medicare spending associated with each characteristic at the specified spending quantile for those with disability who did not and did report negative consequences due to insufficient help with household activities (n = 1195 vs. 243), mobility (n = 894 vs. 321), and self-care (n = 775 vs. 206). Positive values indicate higher spending, negative values indicate lower spending, and CIs that include 0 indicate differences that are not statistically significant. CIs are based on SEs clustered at the primary sampling unit to account for the NHATS design. Quantile regression models were adjusted for age, sex, race, supplemental payer, self-rated health, dementia status, and number of chronic conditions. † Laundry, shopping, meals, and bill paying/banking. ‡ Indoor and outdoor mobility and transferring from bed. § Eating, dressing, bathing, and toileting.
Medicare Spending and Adequacy of Support of Adults With Disability ORIGINAL RESEARCH body of evidence emphasizing the need to better coordinate health care and community-based long-term services and support (30, 31) and the potential cost savings of assessing and addressing the care needs of high-risk subpopulations (32) (33) (34) (35) . This study and others before it (1, 2, 34) found that the health and human consequences of unmet care needs are most prevalent among persons who are socially and economically vulnerable. Medicaid is the largest payer for long-term services and support, and states have been at the forefront of testing innovative models to meet the needs of the approximately 11 million Americans who are dually enrolled in Medicare and Medicaid (36, 37) . Identifying effective strategies to care for this population is particularly pressing given traditional payment structures that have emphasized nursing home care, the movement to rebalance care to support community living, and anticipated growth in the number of persons living to older ages with more severe disability in the decades to come (38 -40) . Findings from our study substantiate the importance of recent efforts in both Medicare and Medicaid to expand flexibility to address nonmedical needs, such as transportation, housing, and adult day care, that are foundational to health and well-being (11, 41, 42) . Effective targeting to ensure that additional benefits are directed to persons with high care needs who are most likely to benefit will be critical to the success of such efforts given prior evidence of the high demand for (and thus costs of) community-based services (43) .
Our study confirms heavy reliance on family members and unpaid caregivers among persons with disabilities. Prior work indicates that the availability and capacity of family members and unpaid caregivers affect adequacy of support and services use (34, 44, 45) . In this study, most older adults who experienced negative consequences with daily activities were receiving help from family members and other unpaid caregivers; few were receiving no help or only paid help. In keeping with efforts to assess and address social needs through Medicare and Medicaid, recognizing and supporting the needs of family members and other unpaid caregivers has been an area of active attention in quality reporting of Managed Long-Term Services and Supports plans, in Medicaid Home and Community-Based Services care planning, in the Centers for Medicare & Medicaid Services Conditions of Participation for home health and hospice, and in new Medicare billing codes (45-47). Washington's Medicaid Transformation Waiver is a notable example of a state initiative that seeks to determine whether comprehensive support to unpaid family caregivers avoids or delays use of Medicaidfunded services among near-poor persons with disability (48 -50) . Our study suggests that this effort and others could have spillover effects for Medicare if they are successful.
This study has limitations. The results may not be generalizable to Medicare beneficiaries younger than 65 years, those enrolled in Medicare Advantage, or the small subgroup who do not select into Medicare Part B. Analyses were restricted to total Medicare spending as opposed to spending by service type or care setting. We were not able to assess services paid for out of pocket or reimbursed by other payers, such as the Department of Veterans Affairs or Medicaid. We cannot rule out unmeasured confounding. Because it was an observational, cross-sectional survey, the study could not definitively establish the causal process through which adequacy of support with daily activities affects spending on health services or whether this varies in specific circumstances, such as for a given health condition or event. Nevertheless, adequate support for basic activities of daily living is foundational to a range of consequential processes and health events, such as access to food, timely medical attention, and injurious falls, all of which have short-and long-term effects on health and services use (3, 51) . Our finding that observed associations were stronger in the middle and lower ends of the spending distribution is consistent with prior evidence suggesting that catastrophic health events drive spending for Medicare beneficiaries with the highest costs, for whom only a small percentage of spending is preventable with greater support or more coordinated outpatient care (14, 52) .
The quality of home-and community-based support is complex and multidimensional, encompassing choice and control, dignity and respect, community inclusion, and equity (3, 53) . This study evaluated a prescribed set of task-specific negative consequences that are linked to questions posed in NHATS about daily activities rather than subjective perceptions of need, which may be broader in scope. Likewise, we focused on Medicare spending for reimbursable health care services as opposed to broader outcomes relating to quality of life, quality of care, and work impacts that may be affected by the adequacy of supports and services available to persons with disability and their families.
In summary, this study found that Medicare spending is higher among older adults with disability who live in the community and lack adequate support. The results suggest that the beneficial effects of comprehensive community-based, long-term services and support may extend beyond improved health, well-being, and participation to reduced spending on health services and that efforts to address costs and quality of care may benefit from strategies that target both health and function. Identification and implementation of scalable strategies to better meet the care needs of communityliving older adults with disability will increase in the coming decades given population aging, constrained resources, and ongoing effort to rebalance care toward community living. 
